THE EFFECTS OF LOAD DROP, UNIFORM LOAD AND CONCENTRATED LOADS ON WASTE TANKS
The purpose of this Calc Note is to provide a referenceable document for the "dome collapse" consequences. Dome collapse can be due to a drop of a heavy load or the placement of an excessive uniform or concentrated 1 oad.
Methodology
The methodology used in this analysis is of two types. There is the structural response to the load and there is the calculation of respirable material released to the environment (with dose consequences).
The structural response for the excess concentrated load comes from Han (1996) and for the load drop; from Julyk (1996) . accident, Julyk provided the load drop energy (in the form of drop height and equipment weight) necessary to cause dome failure. provided the radius of damage and the radius of the spalling. For the excess uniform or concentrated load accident, Han provided the failure 1 oad.
For the load drop Han (1996) The amount of respirable material created as a result of the impact of the dropped or excessive load was determined after a review of a number of experiments regarding similar phenomena. The fraction transported from the surface, up into the dome and then out of the tank was determined from assumptions as no good model exists.
The steps of the calculation are:
1.

.
4.
5.
6.
Choose worst case load drop by choosing equipment that is the heaviest with the smallest impact area. Determine if dome is breached. Consider different tanks and equipment.
If dome is breached, obtain breach diameter and spa11 diameter.
Determine respirable fraction based on energy of the material that impacted the waste. assumption of free fall drop from the drop height. breach provides the area used in the volume affected. depth is determined using equations from the field of soil mechanics (drops onto liquids are covered a little differently).
Determine the respirable quantity by multiplying the respirable fraction by the volume affected.
The impact energy is calculated based on an
The area of the The affected
Determine the fraction that is transported out of the tank.
Determine the consequences.
Assumptions
a) It is assumed that the impact of the drop is onto dry saltcake. assumption is made so as to maximize the doses (see Owczarski (1966) and Section 4.0 and 6.0) and so as to reduce the number of analyses that need to be performed. This assumption has however, some This WHC-SD-WM-CN-051 REV 0 technical validity. Some double-shell tanks contain somewhat thick layers of "slush" (watery sal tcake) covered by somewhat dry sal tcake. Tank 101-SY is one of these with a 4 feet thick layer of saltcake ranging from very wet to quite dry. Since it will be shown that the penetration depth is about 1.4 feet, it is not overly conservative to call a 4 feet thick layer "dry saltcake. While it is agreed that no operator would lift a pump 15.5 m (51 ft) above the surface, this drop height Zhosen so as to keep within the spirit of "unmitigated consequences.
The drop is assumed to occur into the pump pit as this is the weakest location (Julyk 1996) .
For the unmitigated concentrated load case, a concentrated load of 600 tons is assumed to be parked directly on top of the tank. The load is the maximum the tank can withstand without failing (Han 1996) .
The unmitigated uniform and concentrated load case are not considered credible as Han (1996) 
Calculations
The first area studied is the fracture of solid material due to impact. DOE (1994) presents the respirable fraction for conditions under which a brittle material is crushed due to impact. The relationship is based on experiments in which small samples of glass, ceramics, and concrete were crushed by an impact hammer. use of particle size counters.
The respirable fraction was determined with
The respirable fraction is given by (1) that is most useful to us. Jardine (1982) presents the results of brittle fracture studies. In this study, the specimens were made of brittle material (glasses, ceramics and concrete). long.
The specimens were each about 2.54 cm diameter and 2.54 cm The specimens were contained between two steel plates with the a x i s h o r i z o n t a l . chamber. s t e e l p l a t e . 150 J/cm3 w i t h most t e s t s between 1 and 10 J/cm3. The f r a c t u r e d material was c o l l e c t e d , s o r t e d by s i z e and measured.
Jardine (1982) a l s o p r e s e n t s d a t a f o r t h e f r a c t u r e of coal due t o impact. The d a t a i s q u i t e c l o s e t o t h e r e l a t i o n s h i p of DOE'S above.
Wallace e t a l . (1976) presents t h e results of impacts onto various formulations of concrete. The concrete specimens were 2.5 cm i n diameter and 1 . 3 cm long.
impact energy of 4.8 kg-m. 4.8 kg-m (475) was applied two times.
The p l a t e s and t h e specimens were placed i n a sealed A 9.9 kg weight was dropped from s p e c i f i e d heights onto the top Energy d e n s i t i e s during impact were varied from 0.2 t o
The concrete samples were crushed using an
In t h e 9.6 kg-m tests the impact energy of
The d a t a i s a s follows:
Materi a1
Fused Q u a r t z C r y s t a l l i n e Q u a r t z Nepheline Syenite ( a rock mineral w i t h l a r g e g r a i n s ) Sandstone uo,
Fraction l e s s than 10 microns 3.0 E-04 3.0 E-04
The r e s p i r a b l e f r a c t i o n a s a function of energy i s graphed i n Figure 1 using a l l of t h e above data. The d a t a shows values t h a t a r e 2 t o 3 times g r e a t e r than t h a t given by equation ( 2 ) taken from DOE (1994). However, t h e d a t a i s based on small, hard, but b r i t t l e specimens f r a c t u r e d by impact of a s t e e l hammer while supported by a s t e e l p l a t e . In t h e waste tank, the d i s t a n c e between t h e impact load and t h e support p l a t e a r e many meters a p a r t (not 2.5 cm). The waste i s not hard and b r i t t l e throughout i t s depth. For "dry s a l t c a k e " tanks t h e waste i s moist and f l e x i b l e near t h e bottom of t h e tank, becoming l e s s moist and l e s s f l e x i b l e near t h e s u r f a c e and dry and hard a t t h e top. I t will be shown i n t h e next WHC-SD-WM-CN-051 REV 0 portion of the writeup that the penetration depth is tens of centimeters not 2.5. the bounding curve from Figure 1 can be shown by the following. respirable quantity is obtained by multiplying the respirable fraction by the volume affected. The volume affected is the penetration depth times the impact area. The actual impact will create less respirable particles over the bottom portion of the waste penetrated due to energy absorption by the top portion. less due to energy absorption within the volume penetrated. Based on all of the above, it is believed that the respirable fraction should be given by the following equation taken from DOE (1994).
A further reduction in respirable fraction over that shown in The
The respirable fraction in the top portion will be Using a damage diameter of 0.6 m and the other data described above, the numerical values used to determine penetration depth are:
The area of damage is 0.3 m2 (3.1 ft2). The total made respirable is 0.51 L .
The fraction of the respirable particles removed from the surface is determined next. and rebounds when the pump rebounds. flow out from under the rebounded concrete and pump. rebound and airflow results in some of the newly made respirable material being removed from the surface.
The fraction of this newly created respirable particulate that is removed from the surface is considered next. suspension is that the newly made respirable particles responds to compression followed by depressurization in the same way that pressurized powders do. depressurizing powder that was pressurized to 6.9 MPa (500 to 1,000 psi) is 0.05 to 0.1.
Another potential mechanism for removal from the surface is to assume that compression followed by rebound results in accelerated air flow along the surface between the debris and the waste prior to the pump coming to rest on top of the waste and debris. the waste and creates respirable particles. The pump rebounds off the waste. The pump falls again onto the waste and comes to rest. The process of falling the second time creates additional air flow out from und;r the pump. suspension of powders due to accelerated flow parallel to the surface from an explosion. powder due to a deflagration above the powder.
Use of these models suggests that it is reasonable to assume that 0.1 of the respirable particles are suspended during the rebound. Suspended particles will likely be removed from the air after the debris settles following the rebound. as it is a function of the velocity of the air under the debris as it falls to the surface, the number of chunks of debris (assuming the suspended material can flow up along the sides of the chunk), whether the chunks fall together or at different speeds and the amount of respirable suspended on the second impact with the surface. This is difficult to determine. For conservatism, it will be assumed that all suspended material is transported out from under the debris into the dome space. That is, there is no removal of material under the falling, rebounded debris. 
The suspended material
by t h e a i r moving i n under t h e rebounded pump and moving o u t when t h e pump s e t t l e s . T h i s c i r c u l a t i o n w i l l spread t h e l i f t e d m a t e r i a l throughout t h e dome. There w i l l be an i n i t i a l c o n c e n t r a t i o n g r a d i e n t w i t h t h e h i g h c o n c e n t r a t i o n being d i r e c t l y above and t o t h e s i d e o f t h e d e b r i s and t h e c o n c e n t r a t i o n a t t h e w a l l s a t n e a r l y zero. I n time, t h e c o n c e n t r a t i o n w i l l become more u n i f o r m .
The r e l e a s e o f t h e suspended m a t e r i a l o u t o f t h e t a n k w i l l t a k e p l a c e v i a an i n i t i a l p u f f r e l e a s e . The p u f f r e l e a s e comes about due t o t h e sudden volume change as a f e s u l t m a t e r i a l e n t e r i n g t h e tank. The volume i s o f t h e d e b r i s i s 0.7 m . It i s made up o f t h e volume t h a t t h e pump occupies (0.5 m3 based on a 1 f t diamefer, 23 f t o f t h e 30 f t pump), and t h e volume o f t h e concrete; 0.2 m (based on 2.5 ft t h i c k and 3.1 ft2 area). T h i s v a l u e appears t o be q u i t e l a r g e g i v e n t h e small opening i n t h e dome.
Assume t h a t t h e suspended m a t e r i a l i s i n i t i a l l y contained w i t h i n a volume i n s c r i b e d by a c y l i n d e r 2 times t h e diameter o f t h e opening i n t h e dome and as t a l l as t h e dome
I t i s l e f t c o n s e r v a t i v e l y l a r g e t o account f o r u n c e r t a i n t i e s and t o account f o r a d d i t i o n a l l o n g e r term r e l e a s e due t o a i r f l o w over t h e t a n k drawing t h e m a t e r i a l o u t a f t e r t h e p u f f r e l e a s e has ended.
Given t h e above, t h e r e s p i r a b l e q u a n t i t y released i s g i v e n by: The o n s i t e dose i s found u s i n g t h e methodology i n SARR-016 and Cowley (1996) .
The volume o f t h e
The consequences are based on impact onto d r y
The i n h a l a t i o n dose i s g i v e n by
where x / Q = i s t h e atmospheric d i s p e r s i o n f a c t o r f o r s h o r t r e l e a s e s (i.e., no plume meander, sec/m3 (see below) BR = i s t h e b r e a t h i n g r a t e m3/sec f o r s h o r t d u r a t i o n r e l e a s e s ULD = i s t h e u n i t l i t e r dose L, r e l e a s e d = l i t e r s o f r e s p i r a b l e m a t e r i a l released t o t h e The o f f s i t e i n g e s t i o n dose i s found from t h e f o l l o w i n g (Cowley 1996 ) Dose = (L, released)(x/Q)(ULD, i n g e s t i o n )
where ULD i n g e s t i o n = 0.48 Sv-m3/s-L The o f f s i t e i n g e s t i o n dose i s 7 E-8 Sv o r 7 E-6 rem.
The t o t a l dose i s O n s i t e 3 rem o r 30 mSv O f f s i t e 0.003 rem 0.03 mSv
The t o x i c o l o g i c a l consequences a r e a r r i v e d a t by.a c a l c u l a t i o n u s i n g t h e "sum-of-fractions" technique. Load drops are considered t o be " U n l i k e l y " as much c a r e i s u s u a l l y taken l i f t i n g l a r g e loads (more d e t a i l s are found i n t h e FSAR, S e c t i o n 3.4.2.1). Assume a 600 t o n l o a d was parked on t o p o f t h e dome. Han (1996) 
s t a t e s t h a t t h e dome c o u l d f a i l g i v e n t h i s c o n d i t i o n .
general assumptions, and c a l c u l a t i o n a l steps as were used above a r e used here.
The drop h e i g h t i s 23 f e e t (7m). T h i s i s t h e h e i g h t from t h e t o p o f t h e dome t o t h e waste.
The impact area ( f o r use i n d e t e r m i n i n g "Z" and r e s p i r a b l e q u a n t i t y ) i s 4418 ft2 (75 f e e t diameter) o r 6.4 E + 5 in2.
The w e i g h t f o r use i n determining "Z" and impact energy i Since "RF", "A" and "density" are unaffected by drop height and "Z" is proportional to drop height, the respirable quantity is proportional to drop height. The respirable fraction is 0.54 (Owczarski 1996) . RF are applied to a volume described by the area of the debris and a thickness was 1 mm in Owczarski (1996) . is used as that is the thickness of a film of tank liquid if allowed to spread out on a flat surface.
For the case being studied, the 25 m drop, the ARF is found to be 0.002 assuming a waste viscosity of 2 cp and waste density of 1.3 g/cm3 (81 lb/ft3).
The values of ARF and
In this analysis a value of 3 mm Using a value for RF of 0.54, the respirable fraction is
The film volume is V = (1,800 in2)(2.54 cm/in)'(0.3 cm) = 3,484 cm3
The q u a n t i t y made r e s p i r a b l e i s Q = 10-3(3,484 cm3) = 3.5 cm3 o r 0.004 L T h i s i s a much s m a l l e r v a l u e t h a n t h a t f o r s o l i d s . Changes i n v i s c o s i t y a f f e c t t h e r e l e a s e i n about t h e r a t i o o f t h e v i s c o s i t i e s . I f t h e v i s c o s i t y was 30 cp (101-SY l i q u i d s ) t h e r e s p i r a b l e q u a n t i t y r e l e a s e d i n t h e 25 m drop case a r e 4 x Given t h i s t y p e o f event t h e consequences f o r t h e case when t h e DCRT h o l d s l i q u i d would be no worse t h a n t h a t f o r t h e l o a d drop i n t o a DST o r SST c o n t a i n i n g l i q u i d , as t h e drop h e i g h t s , weight and damage areas are s i m i l a r . Should these tanks j u s t c o n t a i n t h e heel, t h e consequences would be l e s s than those f o r a DST o r SST c o n t a i n i n g s a l t c a k e .
L.
Results
Load Droo
The o n s i t e dose i s below t h e G u i d e l i n e s f o r an U n l i k e l y Event. The 20,000 l b m i x e r pump has t h e w o r s t case ( w i t h regards t o dome p e n e t r a t i o n ) combination o f weight and impact area. w i t h i n t h e scope o f t h e FSAR has a combination worse than t h i s ( J u l y k 1996).
No o t h e r equipment
Some coverblocks are h e a v i e r b u t have l a r g e r s u r f a c e areas. ; / ' 'P
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